I
mpingement syndrome is one of the most common diagnoses of patients with shoulder problems. A prevalence of 7% has been reported in a Swedish population. 1 In Dutch general practice, about 48% of patients who consulted a general practitioner for shoulder problems were diagnosed with impingement syndrome, 2 and this condition is reported to be persistent. 3 In the current study, the term "impingement syndrome" is used. Patients with this syndrome experience pain in the deltoid muscle area, especially during arm elevation. Different maneuvers compressing the subacromial bursa and the supraspinatus muscle between the acromion and the humeral head can be used to reproduce this pain. 4, 5 Controversy exists about the pain-generating mechanisms in patients with impingement syndrome. In theory, pain from the subacromial structures can occur from extrinsic mechanical wear or compression from the coracoacromial arch, but there also may be intrinsic causes such as degenerative changes in the rotator cuff. 6 These patients often receive different kinds of physical therapy interventions, 7 but there is no definitive evidence that physical therapy interventions are efficacious for patients with impingement syndrome. 8, 9 The interventions chosen in our study-acupuncture, ultrasound, and home exercises-are commonly used interventions among physical therapists in Swedish primary care. 7, 10 Acupuncture has been used by physical therapists in Sweden since the mid-1980s, 11 a more recent treatment alternative than ultrasound. Before the start of this study in 1997, two reviews had expressed doubt about the efficacy of therapeutic ultrasound for musculoskeletal disorders. 12, 13 The most common strategy of physical therapists is to use a combination of interventions.
Furthermore, there is a strong need for studies on existing physical therapy interventions. 14 Because both acupuncture and ultrasound are common interventions, often used in combination with exercises, and have a similar treatment setup, it seemed reasonable to compare them in this clinical trial.
The purpose of our study was to evaluate and compare the efficacy of 2 physical therapy strategies for patients with impingement syndrome: (1) acupuncture applied in addition to home exercises and (2) continuous ultrasound therapy applied in addition to home exercises. Using previously published instruments, the outcomes were measured during a period of 12 months.
Method
A prospective, observer-blind, randomized clinical trial was conducted.
Subjects
The subjects were recruited from 3 urban primary health care centers in the county of Ö stergötland, Sweden, from March 1997 to June 2000. Patients with shoulder pain who contacted the general practitioners or physical therapists at these primary health care centers were offered an encounter with the research physical therapist (KJ) if they were between 30 and 65 years of age. The general practitioners and physical therapists were instructed to recruit patients with clinical signs of a probable impingement syndrome, described as pain during abduction and pain located in the proximal lateral aspect of the upper arm.
Potential participants underwent a standardized clinical examination performed by the research physical therapist. At the inclusion visit, background data on age, sex, duration, occupation related to arm load, leisure activi-ties, smoking, and medical history were documented. The history included description of symptoms and pain location, duration of current episode, circumstances at onset of pain, pain related to rest, night sleep and activities, recurrence or a first-time problem, medication, and sick leave. The complete set of inclusion and exclusion criteria is shown in Figure 1 .
Patients who were diagnosed as having probable impingement syndrome had a final inclusion test, an impingement test as described by Neer and Welsh. 5 The procedure was first to perform the Neer impingement sign test 5 and the Hawkins-Kennedy impingement sign test. 4 Then the impingement test, where a local anesthetic, 10 mL of prilocaine (10 mg/mL), was injected by a general practitioner with the patient seated, using a posterolateral injection approach with the needle entering the subacromial space. 15 If the patient reported relief of pain when the impingement sign tests were repeated 10 minutes after the injection, the test was judged as positive. If not, the maneuvers were repeated after another 20 minutes. If none of the exclusion criteria ( Fig. 1) were present, the patient was asked to give informed consent to participate in the study. All patients signed informed consent statements at the end of the inclusion visit.
Of the 173 patients who visited the research physical therapist, 88 were diagnosed as having impingement syndrome and fulfilled the other inclusion criteria. Three of these patients did not enter the study, one due to working conditions, one because of a fear of needles, and one because of a myocardial infarction that occurred between the inclusion visit and the start of interventions. The affected shoulder of the remaining 85 patients was radiologically examined to exclude malignancy, osteoarthritis of the glenohumeral joint, and skeletal abnormalities. Standard anteroposterior and lateral projections were taken as well as a special projection of the acromioclavicular joint. None of the patients were excluded on the basis of the radiographs. Accordingly, 85 patients entered the study and were randomly assigned to either a group that received acupuncture combined with home exercises (nϭ44) or a group that received continuous ultrasound combined with home exercises (nϭ41).
Concealed randomization, based on a random list, with the treatment alternative in envelopes was carried out beforehand. The intervention was then introduced and performed by 4 physical therapists at the same primary health care center. All of the physical therapists were experienced and had worked in primary care for at least 12 years. In Sweden, acupuncture was approved in 1984 by the Swedish National Board of Health and Welfare to ) (Appendix 1). All points were chosen in accordance with current practice, and, before starting the study, all physical therapists were trained to locate these points. The depth and angle of needle insertion were those described in a Swedish manual. 16 The type of needle used was a HEGU* sterile and single-packaged one-time needle no. 8 (30 mm long and 0.30 mm in diameter). The treatment was repeated twice a week for 5 weeks, and each treatment session lasted 30 minutes. The patients lay on a treatment table on their unaffected side. After insertion into the defined points, the needle was rotated a few seconds until "de qi" was experienced by the patient. De qi is often described by patients as a sensation of heaviness, numbness, and radiating paresthesia. 11 It is believed to be a sign of the activation of the descending pain inhibitory systems, and opioid peptides are released, especially by the midbrain periaquaductal grey. 17, 18 In total, 3 stimulations were performed (ie, at insertion and after 15 and 30 minutes).
De qi was to be experienced at every stimulation at each acupuncture point, if not the needle was adjusted until this was the case.
The ultrasound group received continuous ultrasound twice a week for 5 weeks (10 treatment sessions). Each session lasted 10 minutes, and a standardized mode (frequencyϭ1 MHz, spatial-average intensityϭ1 W/cm 2 , gel coupling) was used. The size of the transducer was 4 cm 2 , and the skin area treated was twice this size, covering an area of about 8 to 10 cm 2 inferior to the anterior and lateral part of the acromion. The transducer head was moved in small circles covering the area. 19 The patients were seated with the glenohumeral joint extended and medially rotated in order to make the muscle insertion of the supraspinatus muscle appear beneath and anterior to the acromion. 20 This joint position was maintained by placing the arm behind the back of the chair. The equipment used was a Phyaction 190 † ultrasound device. The same equipment was used for all patients, and it was tested by an independent medical technician before starting the study and then once every 12 months. No recalibration was needed during the study.
Both interventions were combined with a 2-step home exercise program developed in and based on clinical practice as well as supported by research. 21 The chosen exercises in the first part of the exercise program were targeted to maintain or restore motion as well as to stimulate circulation in the rotator cuff using many repetitions of low-intensity exercises, without provoking pain from the involved tissues. In the second part of the exercise program, the target was to strengthen the rotator cuff muscles with the upper arm in a neutral position to avoid impingement. In all exercises, the position of a retracted shoulder was emphasized, in line with the findings of Solem-Bertoft et al, 22 where a protracted shoulder resulted in a narrowing of the anterior aspects of the subacromial space. Appendix 2 gives detailed descriptions of all of the exercises in the program.
At the first treatment visit, the patients received instructions from the physical therapist and practiced the exercises in part one of the program. They were instructed to perform the program daily for 5 weeks. After the first half of the treatment period, the patients received instruction and practiced the second part of the exercise program. All rotations were performed with a pillow in the axilla to decrease the activity in the deltoid muscle. The exercises were to be done every other day during the fourth and fifth weeks. Pain during the exercises was not to last more than 10 to 15 minutes after the program. If pain persisted longer than that, the patients were instructed to decrease either the resistance or the force produced. Adherence to the exercise program was monitored by a home exercise adherence log, and the use of additional medications was reported.
Outcome Measures
The research physical therapist, who performed the examinations and all assessments, was uninformed of treatment group assignments throughout the study. The same clinical examination (the Neer impingement test excluded), with the same assessment instruments, was repeated the week after the period of acupuncture or ultrasound was completed and 3, 6, and 12 months from the date of the initial visit. At each visit after the inclusion, current symptoms and differences from baseline were documented.
During the planning of the study in 1996, there was no consensus about which instrument should be used when assessing patients with impingement syndrome. This uncertainty and the decision of the European Society for Surgery of the Shoulder and Elbow 23 that the ConstantMurley Shoulder Assessment (CM Score) 24 should be used in all research involving patients with shoulder problems led to the choice of using 3 disease-specific shoulder assessment scales: the CM Score, the AdolfssonLysholm Shoulder Score (AL Score), 25 and the Univer-* Svenska AB, PO Box 89, SE-570 12 Landsbro, Sweden. † Uniphy, PO Box 558, NL-5600 Eindhoven, the Netherlands.
sity of California at Los Angeles End-Result Score (UCLA Score). 26 All 3 scales were used at baseline and at each assessment visit. Their variables are described in more detail in Table 1 .
The maximum score for the UCLA Score was 35 points; for the other 2 scales, the maximum score was 100 points. The AL Score is a pure patient self-assessment, and the other 2 scales also include clinical measures. For all instruments, the construct, content, and criterion validity and the knowledge about reliability, in our opinion, is insufficient. The CM Score and UCLA Score seemed appropriate based on our clinical experience, and both scales have been widely used.
The AL Score was chosen because it was developed for patients with impingement syndrome. 25 With respect to test-retest factors, we recently evaluated intraobserver reliability for the AL Score and found it to be stable over time for patients with impingement syndrome (unpublished data). Thirty-five patients with impingement syndrome of at least 2 months' duration completed the score twice. The interval was 3 to 7 days, and the score was repeated at the same time of the day. None of the patients received any intervention during the study, and, if they used medication for their symptoms, they were instructed to maintain the same level. The results were analyzed with a repeated-measures analysis of variance (ANOVA). The intraclass correlation coefficient for the total score was .91.
Data Analysis
All patients were adherent to the study protocol (no missed or additional interventions) during the 5 weeks of acupuncture or ultrasound. At the 3-, 6-, and 12-month visits, the number of patients who were adherent to the study protocol changed, as shown in Figure 2 . In total, 64 patients were adherent to the study protocol throughout the study. The data were analyzed both for the group adhering to the study protocol and with an "intention-to-treat" (ITT) application model for analysis of data for clinical trials. 27 The latter analysis included all patients who were randomly assigned to groups. The principle of last observation carried forward (LOCF) was used in both analyses, using the scores recorded just prior to the missing scores in case of missing posttreatment values. 27 The number of patients where LOCF was used is illustrated in Figure 2 .
A sample-size estimation resulted in a requirement of a minimum of 40 patients in each group, if the expected rate of improved patients was to be 30% better in one group than in the other group (␤ϭ.80, ␣ϭ.05). 28 This level of difference was a compromise of what we judged to be a relevant clinical effect and an assumption of how many patients we expected to be possible to included in a 3-year period.
In the data analysis, we have chosen to combine the scores for the 3 outcome measures, using the mean of the 3 outcome measures' total scores. The maximum of 35 points for the UCLA Score and of 100 for the CM Score and the AL Score was corrected by multiplying the UCLA Score by 100 and then dividing by 35. To compare background variables between the 2 treatment groups, we used a Student t test for continuous data, a chi-square test for categorical data, and a MannWhitney U test for ordinal data. A repeated-measures ANOVA was used to analyze the change in the combined shoulder disability score over time within the treatment groups. To compare the outcome between the groups, we used a general linear model analysis of covariance (ANCOVA) for repeated measures. The combined shoulder disability score at all 4 visits after the 5 weeks of acupuncture or ultrasound served as the dependent variable, and the starting score was the covariate. This analysis was chosen to adjust for the difference in baseline score between the groups. The level of statistical significance for all testing was PϽ.05.
Results
Before treatment, there were no differences in the background variables between treatment groups 
Figure 2.
Flow chart of the sample during the study (with the number where last observations carried forward has been used in parentheses). Nine patients in the acupuncture group and 8 patients in the ultrasound group received additional treatment. These 17 patients were consequently not adhering to the study protocol, and their data were included in the ITT analyses.
Two patients underwent surgical subacromial decompression, and 2 patients withdrew from the study. One woman found the participation time-consuming and conflicting with her work, and one man declined further participation because he felt no improvement (Fig. 2) . These 4 patients did not appear to differ in background characteristics or in scores in comparison with the other patients.
There were no differences in adherence to home exercises or in use of additional pain medication between the treatment groups. The number where LOCF was used was similar in both groups. The scores of the patients for whom LOCF was used did not appear to differ from the other patients.
Both treatment groups' mean scores at baseline and at each assessment visit are presented in Table 3 . There were no differences between the treatment groups' mean scores at baseline. Both treatment groups improved during the study (PϽ.0001, ANOVA).
The between-group analysis, including the mean scores from all 4 assessment visits (after 5 weeks of acupuncture or ultrasound and at 3, 6, and 12 months), showed a larger change (Pϭ.045, ANCOVA) in the combined score for the acupuncture group, analyzed with those adhering to the study protocol (Fig. 3) . This effect was seen already at the first assessment visit and was maintained over time. In the ITT analyses, no differences were found across the 4 data collection periods.
Discussion and Conclusion
We set out to evaluate and compare 2 common treatment strategies in physical therapy for patients with impingement syndrome. The results showed that treatment with acupuncture in addition to home exercises was more efficacious than adding continuous ultrasound. This efficacy of acupuncture supports the earlier findings by Kleinhenz et al, 29 who compared acupuncture and a placebo needle and concluded that acupuncture was superior.
The magnitude of the treatment effect is unknown in the absence of a true control group. To our knowledge, no earlier study has dealt with the natural course of impingement syndrome. For unspecified shoulder pain, however, Ginn et al 30 reported no improvement after 1 month without treatment, and Macfarlane et al 31 described persistent disabling problems after 3 years. 30 The outcome illustrated in Figure 3 is probably a combination of a treatment effect and the natural course.
In our view, the patients selected for our study were representative of the general population seeking care for this type of shoulder problem. With a few exceptions, all referrals came from general practitioners and physical therapists in primary care, and this should avoid the risk Presentation of the mean in the combined score at each visit for the 2 treatment groups, including all patients who adhered to the study protocol (nϭ64). Between-group difference analyzed with analysis of covariance (Pϭ.045). ўўўўўўўўўўўўўўўўўўўўўўўў of studying a highly selective group (eg, patients from a sports or surgical clinic).
The analysis of the group adhering to the protocol in this study was used to evaluate the efficacy of the studied interventions, and the ITT analyses were used to examine the overall benefits of interventions in primary care. When interpreting the results, physical therapists should be aware that, although the patients included in this study had a more specific diagnosis than a group of patients with shoulder pain, there still could be other reasons than subacromial reasons for their pain and disability.
The maneuvers used for inclusion in our study have been reported to compress the structures of interest. 32 Some authors 33 34, 35 ), which lessens their discriminative ability. The sensitivity for the Neer impingement sign test has been reported to be 70% to 83%. 36, 37 This diagnostic injection test has been used in earlier research as the gold standard for identifying impingement syndrome. 34 In our study, it was used as a compulsory criterion, but in combination with other findings to increase its positive predictive value. In a recent review, 38 the inclusion criteria used in our study were reported as proper and the exclusion criteria as adequate because they control for conditions interfering with a successful outcome of treatment for patients with impingement syndrome. Despite a lack of certainty about what diagnostic tests should be used, we believe that the chosen combination of inclusion and exclusion criteria was sufficient for identifying a group of patients with impingement syndrome. Still, it is difficult to state whether or not there is a partial rupture of the rotator cuff, which could explain why some patients had less improvement than other patients.
Our choice to emphasize the importance of selecting interventions with similar setups as well as the use of a standardized treatment protocol is supported by the recent published CONSORT statement. 39 The conclusion in our earlier review that ultrasound is ineffective, 10 together with Kurtaiş Gürsel and colleagues' conclusion that ultrasound had no effect as additional treatment to physical therapy interventions, 40 may imply that this study compared home exercises with and without acupuncture.
The exercises used in our study were similar to those reported as efficacious in earlier studies. 41, 42 The chosen exercise involving external rotation, with fixed elbows using a tube, has been reported to result in the highest activation of the infraspinatus muscle, a muscle that is important to strengthen in patients with impingement syndrome. 43 Ginn et al 30 reported that strengthening exercises and motor retraining were superior to no intervention for patients with shoulder pain. The repeated clinical examination at each assessment visit has a methodological advantage over follow-ups with scores mailed to the patients because bias from changing diagnoses over time can be avoided. 44 
Limitations of the Study
The major limitation concerns the instruments used for the outcome measure. Because all 3 measures have indeterminate measurement properties, we chose to use the mean of the 3 total scores, mainly to make the reporting of results less complicated than if all scores from all visits should be presented separately. This procedure decreased the variability and thus increased the power in the statistical analysis, but the sensitivity for change probably decreased, with a possible underestimation of the real effect. However, there is still an uncertainty about the instruments' qualities. The differences between the groups were small compared with the overall effect over time, but the differences that we found corresponded to 1 to 2 steps in the outcome scales (eg, 5 points corresponds to having or not having disturbing nightly pain that interferes with sleep, a difference we regard as clinically significant).
Another aspect when interpreting the results from this study is that the influence of psychosocial factors is unknown, because no instrument covering this area was used. To our knowledge, this is the first randomized clinical trial involving patients with impingement syndrome and comparing acupuncture and ultrasound, both combined with a home exercise program. The larger improvement in the acupuncture group, which was seen at the first assessment visit and maintained over time, indicates that a physical therapy strategy with a combination of acupuncture and home exercises is more beneficial for most patients with impingement syndrome. This conclusion is supported by our recent review, 10 where tentative evidence was found for the short-term efficacy of acupuncture and strengthening exercises. Furthermore, we concluded in that review that therapeutic ultrasound was ineffective in these patients. 10 In conclusion, acupuncture is advocated before ultrasound, in addition to home exercises, for patients with impingement syndrome.
